influenza viruses carried out in our laboratory using HI test and neutralization test in eggs.
From these results it can safely be said that these viruses of two sub-groups may possess a minor common antigen as expected. In addition to the results, the cases which were positive to A 1 and A 2 in HI test during the epidemic of influenza from 1957 to 1962 in Japan are presented and discussed. the non-specific inhibitors from sera to be tested, because sera of many species of animals including human beings have been found to contain the inhibitors in various grades. In this respect various procedures had been attempted by many workers so far. Among them RDE and periodate-treatments seemed to be the most useful for elimination of the inhibitors with little loss of antibodies. (Tyrrel & Horsfall, (1952 ), Sampaio, (1952 , Expert Committee on Respiratory Virus Diseases (1959), Sugiura (1959) , Sasaki (1959) , Harboe et at. (1960) , Shiratori et at. (1961) ). According to their results, however, RDE-treatment seemed to be effective in rooster sera, while in rabbit sera these two treatments were not always effective. Therefore, as preliminary experiments, the following procedures for elimination of the inhibitors in normal rooster and rabbit sera were investigated ; In the case of rooster sera, one volume of serum was treated with 3 volumes of RDE solution as in the case of treatment of human sera. As shown in Table 1 , non-specific inhibitors were found to be completely eliminated from 4 human sera. As shown in Table 2 , the non-specific inhibitors to A1 and A2 were completely eliminated from 11 samples tested.
Cross-HI Test between A1 and A2 Influenza Viruses
Cross-HI test on rooster antisera against 8 strains of A1 and 9 strains of A2 which were pretreated with RDE were carried out against A1 antigens of 8 strains and A2 antigens of 11 strains. As illustrated in Figs. 1 and 2, five A1 antisera have been found to react against antigens of some A2 strains, and six A2 antisera reacted against antigens of some A1 strains.
Similar results were obtained in cross-HI test using the pretreated rabbit antisera. Each three antisera of A1 and A2 were tested against A1 antigen of 7 strains and A2 antigen of 8 strains. As shown in Table 3 , all three A1 antisera were found for react against one or more A2 antigens, and two A2 antisera were found to show HI against one or more A1 antigens though in a low titer.
However, in these results observed from the rooster and rabbit antisera, a uniformity of cross-reactivity among antigens and antisera of strains used was not always obtained.
In other words, antisera of those A1 strains which were proved to be inhibited by antisera of some A2 strains did not always inhibit the latter strains, and vice versa.
Moreover, the coincidence of cross-reactivity between rooster and rabbit antisera were not always obtained.
From these results, although the titer of HI antibody against heterologous sub-group of antigen was shown to be much lower when compared with the homologous sub-group of antigen, it can safely be said that there is a minor common antigen in HI test between A 1 and A2 influenza viruses.
Cross-Neutralization Test in Eggs between A1 and A2 Influenza Viruses
Cross-neutralization tests in eggs were made with 2 rooster antisera of A1 and 3 of A2 versus 4 of A1 and 7 of A2 viruses. As shown in Table 4 , all 5 antisera tested have been found to neutralize one or more strains of the heterologous sub-group in a low dilution.
However, in these tests, the cross-reactivity between the strains of A1 and A2 did not seem to coincide with that obtained in HI test. Table 4 . Cross-neutralization test in eggs among A1 and A2 influenza virus strains with rooster antisera.
* Titer calculated was less than 2 . ** Not tested .
HI Test on Sera of Patients Infected with A2 Influenza Virus
From the above findings, special interest was concentrated on to clarify whether or not sera of patients infected with A2 influenza virus really react not only against A2 but also against A1. The paired sera were collected from patients of the Asian influenza epidemic in 1957 up to 1962, and tested for this purpose.
In 1957 to 1958: In Japan, the Asian influenza pandemic began in the middle of May of 1957, and prevailed until the end of April of 1958. A large number of cases were reported throughout Japan, and 378 patients were serologically proved in our laboratory as A2 influenza infection. As shown in Table 5 , among them 4 cases of paired sera were found to react against A1 antigen as well as A 2, and 1 case did not react against A2 but was found to do against A1.
All these sera came from people of 8 to 16 years of age.
In 1959: In the spring of 1959, an influenza-like respiratory disease prevailed in Shibata Camp of the Japanese Ground Self-Defence Forces. Throat washings and paired sera of the patients were collected for tests. All attempts at virus isolation from the materials tested were unsuccessful. However, 6 of 17 cases gave a four-fold or greater antibody increase to A1 influenza virus, 8 of them to A2 and the remaining 3 to both Table 5 . Positive sera against heterologous antigen (A1) in the HI test from patients of the Asian influenza pandemic in 1957.
* Antibody titers in first/second sample . ** First sample taken/second sample taken . Table 6 . HI tests on sera of patients in Shibata Camp of Japanese Ground Self-Defense Forces in the spring of 1959.
* Antibody titers in acute/covalescent serum .
sub-groups. Although this epidemic was evidenced later to be caused by infection of A2 influenza virus, the question of why some of these patients showed antibody rise to A1 alone or both of A1 and A2 remained unsolved at that time of epidemic.
In 1960:
In an influenza epidemic occurring during the season from winter to early spring in 1960, paired sera of 104 patients were proved positive in antibody rise on HI test in our laboratory. Among them 78 cases showed antibody rise to A2, 4 cases to A1 and 22 cases to both A1 and A2. Viruses isolated at this epidemic were found to belong to A2, but no A1 virus was isolated at all. Of 26 patients who showed significant antibody rises to A1 or both A1 and A2, 18 individuals were under 13 years of age, 4 were 14 tca 30 years, and 4 were over 30 years. (Table 7) .
Moreover, five of these patients were found to come from Daito-nishi primary school, in Saitama prefecture. Therefore, the following sero-epidemiological surveys were made in this respect. That is, after the epidemic season was over, school children in two primary schools, Daito-nishi and Daito-higashi primary school, were bled. In the former, Vol. 16 about 50 children of each 4th and 5th grade were bled, and in the latter, about 100 children of 4th grade were bled for test.
In the former, the epidemic was dominant in 5th grade and less in 4th, and in the latter, no epidemic was observed.
As shown in Fig. 3 , distributions of antibody titers against A1 were almost the same between the 4th and 5th grade of Daito-nishi primary school in spite of the different incidence.
That is, modes of the distribution were about 1:64 in both the grades. On the other hand, antibody distribution against A1 of children in 4th grade of Daito-higashi primary school was remarkably different from both grades of Daito-nishi primary school, that is, distribution of antibody titers was deviated to 1:16 or less. But in all the groups, antibody distributions against A2 and type B viruses were almost in the same ranges. Although the question of why the HI titer to A2 of children in Daito-higashi primary school was as high as that in Daito-nishi primary school remained unsolved, these findings indicated that A1 antibodies of school children in Daito-nishi primary school might have been reacted due to A2 infection through the epidemic.
In 1961 to 1962:
No epidemic of A2 influenza except for sporadic cases was reported in 1961 in Japan, but type B influenza prevailed throughout the country. Before summarizing these data, those of the individuals who had no serological evidence of infection with A2 influenza or received polyvalent influenza vaccine were excluded in advance to avoid a possible confusion.
As shown in Fig. 4 , in second samples, distribution of antibody titers to A2 moved markedly to a range of a high titer. Distribution of antibody titers to A1 had also a similar tendency although it was less remarkable comparing with A2. On the other hand, that to type B was unchanged or rather had a tendency to move to a low titer.
• precipitated vaccine containing 1,000 CCA/cc of A2/Adachi/2/57 strain was injected subcutaneously to 69 persons over 60 years old, and 0.1 cc of oil (Bayol F) vaccine containing 500 CCA/cc of the same strain was injected subcutaneously to 150 persons, of the same age group. Sera were collected from each individual three times ; before, one and three months after injection. In most of the cases, HI titer to A2 was remarkably increased after the injection. However, in a few cases the rise of HI titer to A1 was observed accompanying that to A2. As shown in Table 8 , in one individual who had received calcium phosphate precipitated vaccine, and 8 individuals whc had received oil vaccine, antibody rise to A 1 was observed as well as to A 2. From the foregoing, it was clarified that injection of A 2 monovalent vaccine into human beings could also produce A 1 antibody response, although the A 1 positive rate was as low as that in the case of natural infection of A 2 influenza.
DISCUSSION
Since the pandemic of the Asian influenza broke out in 1957, many studies on various characteristics of the agent of the disease, A 2 influenza virus, have been reported. Mulder et al. (1958) found HI antibodies to A 2 virus in sera of aged people which were collected before the pandemic, and successively Darvenport (1958) confirmed this finding. This finding eventually led them to the hypothesis that A 2 influenza virus was the cause of pandemic in 1889, and had prevailed until 1918. Nelson et al. (1958) could not find any correlation of HI antibodies to PR 8 or FM 1 with those to A 2, but found a clear correlation of Swine influenza with A 2, when sera collected from the cases of an epidemic in 1957 were tested. Kanemitsu et al. (1962 a) reported that persons who had possessed a high-level antibody against Swine, WS or PR 8 were less susceptible to infection of A 2 influenza virus than those who had antibody in lower levels.
On the other hand, attempts on antigenic analysis of influenza viruses by CF test using V antigen were performed by Fabiyi et al. (1958) . From their data the author could not help considering that a minor common antigen may exist among strains of A 2 and A 1 or A, although they had not explained about it clearly. Choppin et al. (1958) examined rabbit antisera immunized with A, A 1 or A 2 strains and found that when some strains of A, A 1 or A 2 were used as antigens evidence of slight crossrelationships between A 2 and A 1 or A were observed by HI test. Harboe et al. (1960) also observed a similar finding that some rabbit an.tisera immunized with A 1 strains showed a low HI titers to A 2 antigens and vice versa. However, from their observation, these inhibitions disappeared when the antisera were treated with normal allantoic fluid of the embryonated egg. Their conclusion, therefore, was that there was no evidence of cross-HI between A 2 and other type A strains.
As for the contradictory results in HI test mentioned above, the question rises as to whether or not the elimination of non-specific inhibitors in sera tested was proper. Our own preliminary results indicated that the inhibitors in rabbit sera were not always eliminated completely by RDE-treatment, although in the cases of rooster sera this treatment was certainly enough. Therefore, in data presented by Choppin et at., we could not expect a complete destruction of non-specific inhibitors in sera tested. Our attempts to clarify if a common antigen between A 2 and A 1 influenza viruses may be proved in immune rabbit sera after a complete elimination of the inhibitors were performed by means of RDE-treatment with combination of NaI04-treatment.
As shown in the present data, this treatment could fulfil the purpose of complete elimination of the inhibitors, and we could confirm the existence of a minor common antigen between A 1 and A 2 in testing both the rooster and rabbit immune sera against A 1 or A 2 virus. Furthermore, these antibodies could not be so eliminated by treatment with normal allantoic fluid as was indicated by Harbo et al.. This means that these antibodies must be considered to be specific, that is, produced by a common antigen of A 1 and A2. As illustrated in the results obtained from the serological survey at Daito -nishi primary school in 1960, ant at Okazu primary school in 1962, antibody rise in individuals against influenza virus seemed to be almost equivalent between the groups which encountered the same epidemic with apparent and inapparent infections . However, the following questions remained unsolved for further investigation : i) why the distribution of HI titers to A 2 among the individuals in Daito-nishi primary school was as high as that in Daito-higashi primary school where no practical epidemic were reported , ii) why the distribution of antibodies to A 2 in Daito-nishi primary school was not so high comparing with that in Okazu primary school where epidemic of the same type (A 2) occurred in 1962, although the distribution of HI titers to A 1 of the former was higher than that of the latter. In the case of human vaccination with monovalent vaccine , the author could prove that A 2 monovalent vaccine could stimulate A 1 antibody . Similar results have been already reported by Hilleman et al. (1958) . However , monovalent or polyvalent vaccine of sub-groups other than A2 was not investigated in our laboratory upon whether it could produce A 2 antibody, although Boger et al. (1957) has already reported a positive result in contrast to the negative result by Hilleman et al. (1958) .
As to the antigenic change of influenza virus, one of the explanations is that the antibody level of a population may exert influence on antigenic composition of a prevailing virus to produce a new variant.
This explanation was supported in serologic surveys of human cases performed year after year, on one hand, and also experimentally proved through serial passages of a virus in its host with antiserum (Archetti & Horsfall, 1950) . However, the antigenic change from A 1 to A 2 is so remarkable that it does not seem to be reasonable to interprete this difference with that theory. Therefore, some investigators suggested that A2 virus might have an animal origin and infect the human population by chance (Mulder et al., 1958 , Kaplan et al., 1959 .
On the early works on Asian influenza, it was very doubtful that there existed a common antigen between A1 and A2, but now it was clearly demonstrated, and the explanation will still remain disputable that A2 virus may have its origin from A1 virus even though the antigenic difference between them looks so remarkable.
SUMMARY
The confirmation of the existence of a minor common antigen between A1 and A2 influenza viruses was conducted experimentally with the HI test on immune animal sera and the egg-neutralization test. For the purpose of the elimination of non-specific inhibitors, RDE and NaIO4-treatments were tested. With a complete destruction of the inhibitors in immune sera so treated, it was demonstrated that a minor common antigen existed between A1 and A2 in the HI test. The same was also clearly demonstrated in the egg-neutralization test.
In a number of sera from patients infected with A2 influenza virus was also demonstrated antibody rises to both A1 and A2. The heterologous antibody rise (A1) was more pronounced in children under the age of 13 years than in other age groups. Inoculation of an A2 monovalent vaccine also revealed that it could produce a heterologous antibody in a few individuals. The reason of increasing tendency of heterologous antibody rise and the origin of A 2 virus was discussed.
